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Evaluation of growth potential of Listeria monocytogenes and 
Salmonella in a sandwich environment 
Tina Birk, Anne Mette Bollerslev, Cleide Oliveira de Almeida Møller, Søren Aabo, Tina Beck Hansen 
Introduction 
Time and temperature control is crucial to avoid 
growth of pathogens during production and serving of 
cold ready-to-eat meals, such as sandwiches. To 
ensure product safety, the lag time of pathogens must, 
therefore, not be exceeded during the production and 
serving time. 
Objective 
The aim of this study was to evaluate existing 
predictive growth models for Salmonella and Listeria 
monocytogenes under conditions comparable to a 
sandwich environment. 
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Data describing the effect of temperature on max. 
specific growth rates and lag times of Salmonella and 
L. monocytogenes on lettuce and cooked chicken 
were collected from literature. For evaluation of the 
collected data, challenge tests were conducted at 
temperatures between 7 and 23 C on Lollo Bionda 
lettuce pieces (5 x 5 cm2) and slices of cooked chicken 
filets. 
 
 
 
 
 
 
 
 
 
 
Intrinsic environment: Sandwich ingredients were listed 
according to frequency of use by four catering units, 
pH and salt content. The two most frequently used 
ingredients, which also had a high potential as 
microbial growth substrate, were lettuce (pH 5.9, no 
salt) and cooked chicken (pH 6.2, no salt). 
Extrinsic environment: Sandwich handling practices, 
storage and serving conditions were collected from 
four catering units. Temperatures in the range from 3 
to 22 C and time intervals from a few hours at room 
temperature to several days of refrigeration were 
observed. 
Ex. temperature profile 
Sandwich environment 
Challenge tests 
In the web-based programme DMFit, parameters, 
such as max. rate (log10CFU/h) and lag time (h), were 
estimated for each growth curve of Salmonella and L. 
monocytogenes using the Baranyi and Roberts 
models. Max. rates were converted to µmax (1/h). 
Observed lag time and µmax were compared to 
predictions from literature models.  
 
 
 
 
 
Data analysis 
• µmax for Salmonella and L. monocytogenes in lettuce 
were comparable with literature values. 
• Lag times appeared longer for Salmonella in lettuce 
but shorter for L. monocytogenes, in particular below 
15 C.  
• µmax were consistent with literature values for 
Salmonella in cooked chicken whereas lag times 
appeared shorter below 10 C. 
• µmax and lag times were inconsistent with literature 
values for L. monocytogenes in cooked chicken, in 
particular above 15 C where no literature values 
were available. 
 
Conclusion 
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Compliance with literature data? 
 
 
 
 
 
 
 
 
Pathogen
Lettuce Cooked chicken
Lag µmax Lag µmax
Salmonella √ √ √ (≥ 10°C)
X (< 10°C)
√
L. monocytogenes
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S. Enteriditis phage type 6, raw-egg-cake 
S. Typhimurium DT104, chicken 
S. Newport, alfafa seeds 
S. Weltevreden, sprout outbreak 
 
 
 
 
 
 
 
 
 
 
Listeria monocytogenes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
L. monocytogenes type 1, vegetables 
L. monocytogenes, smoked salmon 
L. monocytogenes type 4, gravad salmon 
L. monocytogenes, bacon 
 
 
 
 
 
 
 
 
